The paper uses a survey to examine undergraduates' knowledge of salaries by type of education. Students' beliefs varied systematically with their year of study and personal background. The median student made (estimated) absolute errors of approximately 20%, but the mean signed error was only -6%. Regression analysis revealed links between students' knowledge of the labor market, and year of study, proximity of the occupation to the student's own field and parents' income. Over half of learning occurred during the fourth year. Logit analyses of students' use of information sources supported this conclusion. Implications for human capital theory are considered.
I. INTRODUCTION
How do people choose whether to attend college? Once in college, how do they choose a field? Despite the pivotal importance of education in labor economics, we know surprisingly little about how people make these decisions about schooling. Our ignorance is reflected by the fact that many empirical models of earnings still treat education as an exogenous regressor.
A central tenet of human capital theory is that people choose the optimal level and type of schooling based in part on the market returns to education. This raises the question of whether people do in fact have an accurate perception of the role that education plays in the determination of earnings.
Similarly, we know little about how young workers form expectations about the future returns to different levels of schooling. In a series of publications, Freeman (1971 Freeman ( , 1975a Freeman ( , 1975b Freeman ( , 1976a Freeman ( , 1976b ) applied the cobweb model, with its inefficient enrollment response to wage shocks, to enrollment in numerous fields. 1 More recently, other researchers have argued that if workers form rational expectations about future earnings in different fields, then observed volatility in college enrollment may in fact reflect highly efficient supply responses to shocks in labor demand. Examples include Siow (1984) and Zarkin (1983 Zarkin ( ,1985 , who find that the rational and adaptive expectations models fit the data about equally well, despite their radically different policy implications. The rational expectations models assume that workers at time t forecast future earnings based on Ψ t , the current information set. It is plausible that this information set will include present salaries by field and degree.
2 Thus one indirect way to assess the credibility of the rational expectations formulation is to study the accuracy of each student's set of information about current wages.
A third question concerns when students acquire information about wages.
One would expect the marginal value of information to be greatest in the early years of study, before sunk costs created by study in field-specific courses make it costly for a student to switch fields. Thus most learning about the labor market would occur during the first year or two of study. On the other hand, if much of the information which students acquire about the labor market comes not through any explicit choice by the students to invest in information, but through informal exchanges with students, faculty and others, then fourth-year students might have an automatic informational advantage over freshmen.
A fourth important question is whether students, as they specialize in fields, also specialize in the information which they gather about the labor market, again due to sunk costs which make a change of fields more costly as the student progresses. Such a finding would help explain why large differences in relative wages between different fields can persist over time.
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A fifth reason why it is important to understand what information people gather about the labor market stems from work by Manski (1993) , who argues that if there is heterogeneity in the way in which students form expectations, two identification problems become much more difficult to control. First, it is impossible to model a person's choice of education accurately if the mechanism through which the person forms expectations is unknown. Second, it becomes much more difficult to control for self-selection of people into college if students differ in the way in which they forecast earnings. An indirect method of gauging the importance of this problem is to measure the extent to which knowledge of the labor market is homogeneous among students.
We are left with a series of interesting questions. Is there a high degree of variation in wage beliefs between students, and if so, what determines these differences? Do students have accurate knowledge of wages and relative wages?
When does investment in information about the labor market occur, in the early years of college study when students must declare a major, or only later? Do students invest only in labor-market information specific to their current field?
What information sources do students use to learn about labor-market opportunities?
This paper reports the results of a survey of undergraduates at a public fouryear college which is designed to explore these issues. 4 The next section describes the survey. Section III informally discusses a model of educational choice, which has implications for how students invest in information about the labor market.
Section IV analyzes the variations in wage beliefs between students, and the determinants thereof. Section V econometrically models the student characteristics contributing to lower errors, Section VI examines the information sources which students use, and Section VII concludes.
II. DESCRIPTION OF THE SURVEY
A survey of 1269 undergraduates was carried out across all undergraduate faculties at the University of California, San Diego. Students were selected by a sampling of classes designed to locate students in each faculty and year of study.
Engineers were oversampled due to the abundant information sources concerning engineers' salaries. The survey, which required about ten minutes of students' time, was carried out over a period of 4 months beginning in November 1992. After obtaining information on personal and family background, the survey ascertained which sources of information students had used to find out about job prospects for graduates in various fields. The survey asked students three types of questions about earnings at the national level. These first two sets of questions asked for students' estimates of salaries at the time of the survey.
3) Average Earnings in 1990 of "Workers Aged 25-34 Years, Working Full-Time" with a "high school diploma only" and those with a "Bachelor's degree". 
III. AN INFORMAL MODEL OF EDUCATIONAL CHOICE
We can shed some light on the value of labor-market information to college students by considering how students choose their major in college. 6 Over time, students obtain new information. Relative wages of graduates with different degrees change. Also, the student almost surely learns more about his or her abilities and interests during the college years, which reduces or changes the student's set of likely majors. One might model this as increasing dispersion in the student's beliefs about the expected utility of entering different fields as he or she progresses in college. Some students will act on new labor-market information or new information about their suitability to various fields by changing major while at college. But note that changing one's major has increasing costs over time due to the sunk costs in courses taken in the original field.
This leads to several results. First, the value of information about the labor market may be greatest in the earliest years of study, since as the student progresses, sunk costs and the increasing dispersion of beliefs about field-specific abilities make switching into higher paying fields less likely. On the other hand, students, finding information costly, may decide to invest in information only at a later stage of study, after their beliefs about their suitability to various occupations have evolved to the point where they have virtually ruled out many fields of study.
By waiting for one or more years before learning about the labor market, students would reduce the total cost of gathering information about earnings. Thus there are countervailing forces which make it uncertain whether information acquisition should occur most intensively in the early or later years of study.
Second, it can be shown that a student will invest more in information about his or her current field of study and closely related fields, since the costs of switching to largely unrelated fields are high.
Third, the discounting of future earnings suggests that accurate knowledge of wages of inexperienced workers is more valuable than accurate knowledge about earnings of highly experienced workers.
All three of these predictions can be tested informally by examining the types of labor-market information which students at different stages of college gather. to the 10th percentile salary estimates is typically just under two. By both these measures, the variation appears to be particularly large for students' beliefs about the salaries of engineers with fifteen or more years of experience.
IV. VARIATIONS IN STUDENTS' BELIEFS ABOUT WAGES
The questionnaire explicitly asked students to estimate average salaries at the national level in the current year, rather than estimates of their own salaries. In other words, the students were making estimates of average salaries rather than their own expected salaries in given fields. Thus it seems fair to conclude that the observed differences in responses reflect substantial variation in students' information about average national salaries in each field. Economic theory predicts that occupational choice should depend on relative salaries, rather than on the absolute level of salaries in any one occupation.
Thus, it may be that a large degree of variation in beliefs about salaries in a given field or for a given level of education may mask quite uniform beliefs about relative salaries, in that some students consistently overestimate or underestimate salaries in all fields or for all levels of education. Accordingly, eleven relative starting salaries were calculated based on the questions in the middle panel of Table 1 , using the starting salary for a Bachelor's degree in Chemistry as the numeraire. The average of the standard deviation divided by the mean for these relative salaries was 0.23, compared to 0.27 for the eleven corresponding salaries.
The same measure of dispersion for the ratio of wages of young college-educated workers relative to high-school educated workers was 0.27, roughly midway between the 0.25 and 0.31 recorded for the individual wage estimates. Thus, there is some evidence that there is less variation among students in estimates of relative salaries than in their estimates of absolute salaries, but the evidence is rather weak.
To test whether there were any systematic links between wage beliefs and student traits, a series of regressions for wage beliefs was performed. The regressions include the student's self-reported Grade Point Average (GPA), which serves as a rough proxy for ability, to control for the possibility that more able students learn more about wages than less able students. Other personal characteristics include binary variables for sex and race and one for whether the student is a foreign student in the country on a temporary visa. In addition, students from families with higher socioeconomic status might obtain different information about the market for college-educated labor. Thus the regressions include three dummy variables for parents' income, with students whose parents have incomes above $75,000 serving as the excluded group. Also included are dummy variables indicating whether the student's mother or father acquired any postsecondary education, and whether the father or mother studied in the same major discipline (e.g. engineering, science etc.) as the wage question at hand.
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Columns 1 and 2 of Table 2 model students' beliefs about salaries in 1990
for full-time workers aged 25-34 with a high school degree only and a Bachelor's degree respectively. Although the personal traits of the students have little explanatory power overall, several significant patterns do emerge. 9 Students who are in the upper years of study tend to make lower estimates for both salaries, but the effect is much more noticeable for estimates of salaries of those with a college degree. Asian students gave significantly lower estimates of salaries for high school graduates, while black students and foreign students gave significantly higher estimates of earnings of college graduates. College attendance by a student's parents appeared to have no strong effect on either wage estimate.
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One of the most interesting patterns is that students whose parents' income was less than $50,000 tended to make significantly lower estimates of earnings of college graduates than did students in the excluded group, which was students whose parents' income exceeded $75,000. This finding lends support to the model of Streufert (1991) , which argues that young people form beliefs about the returns to education by observing workers in their neighborhood. To the extent that families segregate themselves by income, students in low-income neighborhoods should systematically underestimate the returns to education. The next section will reinforce this conclusion by showing that these students also make larger errors when estimating the salaries of young workers with a Bachelor's degree.
11 Smith and Powell (1990) present interesting results from a survey of 388 students at two universities. They asked students to predict earnings of both graduates from their own college and their high school peers who did not attend college, for one and ten years in the future. Just as in the regressions reported here, women's estimates of earnings of high school graduates tended to be lower than those of men. Also, as in the present results, there was no statistically significant difference between men's and women's expectations for earnings of college graduates as a whole. But the latter result does not appear to hold in the present sample when students were asked about earnings of college-educated workers in specific fields, as will become clear below.
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Column 3 models students' estimates of the college wage premium (college salaries divided by high school salaries). Again, fourth-year students made significantly lower estimates of this relative salary than freshmen. The other main finding is that female and black students made significantly higher than average estimates of the returns to college.
Column 4 presents the results from a regression in which all the starting salary questions are pooled, a dummy variable is added for each wage question, and a random effect for each student is added to account for random differences in estimates between students. The results of this regression support the finding in regression #2 that students in their third and fourth year make estimates of salaries for young college graduates which are significantly lower than those made by freshmen, on the order of $2000 to $4000 per year. Another similarity with the regression in column #2 is that students from poorer families make significantly lower estimates of the starting salaries of college graduates. As for personal and family background, the most important influences on wage estimates were the indicators for female and Hispanic students, with both effects being positive.
Regression #4 includes two variables which indicate whether the student was in the same broad discipline and/or the same specific field as the wage question at hand. The first variable, "Given Major Discipline", was set to one if the student's major field was engineering, science or social science and the wage question involved engineering, chemistry, or psychology respectively. The dummy variable was also set to one for the questions about salaries of MBA's if the student's final expected degree was an MBA. The latter indicator variable, "Given Specific Field", is set to one if, for instance, an observation gives a civil engineering student's estimate of the starting salary for a worker with a civil engineering degree. These variables are useful because they indicate whether students specialize when gathering information about the labor market. No clear pattern emerged for students who were in the same major discipline as the given wage question. But those students enrolled in the given field made significantly higher estimates of starting salaries than other students, on the order of $2,000.
This finding can be interpreted in two ways. If occupational choice depends on wage information, one would expect that those in a given field would have better information about their chosen field. Alternatively, a person may have chosen a given field because they overestimate earnings in that field. To distinguish between these explanations, we need to estimate the errors made by students. The next section will present evidence that in fact students in the given field, although they make significantly higher estimates of starting salaries in their own field, in fact make smaller errors than students outside the field. This finding reduces the plausibility of the second explanation above. In truth, students appear to underestimate wages in fields outside their own.
In another regression (not shown) the same random effects specification was run on students' estimates of engineers' salaries by degree level and years of experience. (For a summary of these responses, see the bottom panel of Table 1 .)
The only regressors which were statistically significant at conventional levels were the family income dummies, which suggested that students from poorer families made significantly lower estimates of these salaries. Surprisingly, students did not vary significantly by year of study in their estimates of the salaries of these workers. Engineering students made higher estimates than those students outside the field, but the effect was only marginally significant.
To summarize, these results suggest that students do specialize to some extent in the type of labor-market information which they gather, and that more advanced students make significantly lower estimates of starting salaries for workers with various college degrees than do freshman. Demographic characteristics also seem to capture some of the underlying variation in students' beliefs about the labor market.
We now measure and analyze the errors in students' beliefs about wages.
V. THE ACCURACY OF STUDENTS' PERCEPTIONS
This section of the paper estimates errors in student's assessments of salaries using three data sources for the 'true' salaries: the Current Population Survey for overall salaries by degree, the College Placement Council survey for starting salaries, and the Professional Engineer Income and Salary Survey. The Current Population Survey is arguably the most accurate annual source of data on earnings by age and level of education available, so that the estimated errors in students' perceptions of salaries of young workers with a high school or college degree are likely to be quite accurate. But the other two surveys do not use a purely random sample of workers. Thus the estimates of errors based on these latter data sources may be subject to error, and must be interpreted with care. Figure 1 displays the mean estimate of annual salaries for young or inexperienced workers plotted with the 'true' values, estimated from the aforementioned sources. The figure demonstrates that on average students make very good estimates of current salaries of young workers. In particular, the average guess of the premium earned by college graduates relative to those with only a high school diploma in 1990 for the age group 25-34 is quite accurate (57.8% compared to 50.9% in reality). 14 For all of the wage questions listed in Table 1 , the mean percentage error was -5.8%. Although the mean errors were quite small, at least for questions about the earnings of young workers, these simple means conceal sizable variations in the accuracy of the students' beliefs. The median of the absolute percentage errors is a better measure of the errors typically made than is the mean of the signed errors. The average of these medians across all wage questions shown in Table 1 The basic regression uses the same set of wage questions and regressors used to model wage beliefs in Table 2 . The first two columns model absolute errors in students' estimates of 1990 salaries of young full-time workers who have a high school diploma only or a Bachelor's degree respectively. Since the 'true' values for these salaries were calculated using the most reliable data source of the three used --the Current Population Survey --it is for these questions that we can have most confidence that we are accurately measuring errors in students' beliefs.
For both wage questions, students' errors tend to decline with year of study.
But the differences become significant only between fourth year and first year students' errors in estimating the earnings of high school graduates. This result suggests continual learning about the labor market.
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A second notable finding is that students from poorer families made significantly larger errors estimating salaries of college graduates. The results in Table 2 indicate that this difference stems from students from poorer families underestimating the earnings of college graduates. The finding of a negative correlation between students' errors and parents' income has at least three possible interpretations. The first is that higher family income itself buys better information. Second, since lower income is often associated with retirement or families in which only one parent works, it may be that a working parent provides a child with a valuable window into the workplace. Third, the aforementioned model by Streufert (1991) of geographic sorting of families by income may explain the result: children from poorer neighborhoods may underestimate the returns to college due to a lack of information.
Column #3 models log absolute errors in students' estimates of the earnings of young college graduates relative to the earnings of young high school graduates.
This regression reveals that fourth-year students appear to make significantly smaller errors than freshmen, which we interpret as another sign of learning.
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Column #4 models the estimated log absolute error in all starting salary questions. A random effect is added to account for repeated observations for students, and dummy variables are added for each question.
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The effect of year of study is highly similar to that in the regressions in columns #1-3, but the coefficients are far more significant. Absolute errors decrease monotonically with year of study, with well over half of learning occurring among fourth-year students. The conclusion that most learning about the labor market occurs late in the student's college career runs against the predictions of the informal model discussed earlier, but as noted there, is consistent with the idea that students wait until they have learned more about their abilities before investing in information. Also, as one referee pointed out, those fourth year students who already had a job offer at the time of the survey (in late fall and early winter) could have learned about earnings, at least in their own area, directly from employers.
Students who are in the same 'major discipline' as the occupation in question make significantly lower errors, by about 8.7 log points, while those who are in the specific discipline make even smaller errors, with a further reduction in the average error by 11.2 log points. Taken together, the implication is that a student in the specific field, such as chemical engineering, on average makes errors which are only 0.82 as big as students outside of engineering altogether.
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The informal model suggested that students might increasingly specialize in information acquisition as they progress through college, since the costs of transferring to other fields rise. The bottom of the table reports results of tests for the exclusion of two interaction terms between the year of study and the dummy variables for the student being in the given field and the given area. The restrictions were easily retained, so that the data do not give evidence of an increase in specialization as students progress.
Somewhat surprisingly, the coefficients on the measures of parental education are not significant, although there is evidence that students whose mother studied in the given field made significantly smaller errors.
Finally, students with higher GPA appear to make significantly lower errors when estimating starting salaries. It is not clear whether GPA may be acting as an ability proxy in this model.
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The theoretical discussion in Section 3 suggested that students will be more willing to invest in information about starting salaries than about salaries of highly experienced workers, due to the discounting of future income. The figures discussed earlier indicate that this hypothesis is correct. More formally, regressions in Table A -2 in the Appendix model estimated errors in students' beliefs about current salaries of engineers by years of experience. 23 The regressions suggest that students invest more in information about starting wages than they do about wages of highly experienced workers. The regressions show that students learn about the labor market over time, and that engineering students do know more about salaries of engineers. But these relations break down when students are asked about salaries of engineers with 15-19 and 25-29 years of experience, where no pattern of learning or specialization is discernible.
In summary, although our estimates of students' errors in wage beliefs are based on our own possibly biased estimates of the 'true' values, the results provide mostly intuitive results. In particular, students do specialize in the acquisition of labor-market information, even at an early date of study. Second, they learn more about the labor market as they progress. Third, the discussion of theory in Section 3 implied that students will invest more in information about the earnings of younger workers than older workers, due to discounting of future income. This idea gains support from errors in the students' estimates of the earnings of engineers by years of experience.
VI. THE INFORMATION SOURCES USED BY STUDENTS
While the above analysis proves that observable student characteristics are associated with students' beliefs about the labor market, it does not provide any direct evidence about why certain students are better informed. For instance, why do fourth year students seem to know more about the labor market than their younger colleagues? Does it reflect active search for information or merely learning by osmosis which automatically occurs over time?
To this end, the survey asked students to indicate which information sources they had used to 'find out about job prospects of graduates in various fields'. The distribution of responses by year of study appear in Figure 5 .
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As the figure shows, by far the most commonly used source of information is newspapers and magazines. Surprisingly few students report consulting professors, graduate students or salary surveys for information.
In all but one case there is a large increase in the proportion of students using each information source in the fourth year of study. This pattern is especially strong for use of the campus Career Services Center. It appears that this Center is not used by a majority of students until their fourth year of study, implying that the Center serves less to help students choose a field than it does to provide information about jobs to those who are about to graduate.
In order to model the determinants of the use of each of these eight information sources more formally, while controlling for possible collinearity between year of study and other student traits, logit models were estimated for each source of information. 
VII. SUMMARY AND CONCLUSION
The above results provide answers to many of the questions set out in the introduction. First, students do have diverse beliefs about the labor market, as is shown in Section IV. These differences in beliefs are systematically linked to personal traits such as year and field of study.
Second, estimates of students' median absolute errors in wage beliefs were typically about 20%. But the mean of the estimated raw errors was very small, averaging only about -6%, as some students overestimated the salary in a given job while others underestimated it.
Third, two implications of the informal model were borne out by the data.
Students specialized in acquiring information about earnings of workers in their own major discipline and sub-field. This finding suggests the presence of sunk costs related to field-specific human capital. The second implication of the model was that students should find it more worthwhile to invest in information about earnings of young workers, due to discounting. The results support this hypothesis.
Third, the regression results indicate that fourth year students knew significantly more about salary levels than first year students. On average over half of the learning between first and fourth year of study occurred in the final year.
This conclusion is supported by logit analyses of the determinants of the use of specific sources of labor-market information, such as the campus placement center, which showed a significant increase in usage of a broad array of information sources during the fourth year of study. In contrast, the informal model had predicted that students might find it most worthwhile to invest in labormarket information at an earlier stage. Possible explanations for the discrepancy include postponement of research into the labor market until the student has narrowed down the list of potential fields of study (due to the cost of information), and the automatic learning which occurs when fourth-year students begin to apply for jobs.
The finding that students differ significantly in their beliefs about wages in different fields deserves further comment. It implies that students will also form diverse expectations of future returns to education in various fields. As shown by Manski (1993) , in such a world conventional methods of estimating the returns to schooling are likely to be biased.
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Indeed, the above findings raise doubts about the assumption made in some rational expectations versions of the human capital model that students forecast future wages based on accurate knowledge of current wages. Information is far from complete. For instance, only 26% of students accurately ranked four jobs by starting salary, compared to 4% in the case of purely random guessing and 100% in the case of perfect information. It is unlikely that these errors reflect measurement error alone: the regression analysis found systematic differences in wage errors between students suggestive of, for instance, learning over time.
Two other branches of research point in the same direction. The Government Accounting Office (1990) reviews a series of papers which find large gaps in what high school students and their parents know about postsecondary financial aid and college costs, and suggests that this lack of information may prevent families from making fully rational educational decisions. Similarly, Leonard (1982) uses data from an annual survey of employers' wage expectations, and in most cases strongly rejects the hypothesis of rational expectations.
But taken as a whole, the above findings strongly support the assumption made by human capital theory that workers acquire information about earnings by level of education in order to choose their optimal level of education. Information is not perfect, but a process of learning over time is clearly discernible.
The findings of this study suggest that it would be worthwhile for economists to study the acquisition of labor market information in a panel format.
A repeated survey of young workers over several years could yield important new insights into how people learn about the labor market, and the ways in which this learning informs their subsequent decisions about education. 
APPENDIX DESCRIPTION OF SURVEY INSTRUMENT
The survey begins with 16 background questions in multiple choice format, which is followed by a section asking students to estimate salaries in various fields.
For the questions on starting salaries students were given a list of 44 salaries in increments of $2000, i.e."14 16 ... 100", and were asked to circle the appropriate salary for the given occupation and level of education in each case. This list of salaries was used in order to minimize 'rounding error', i.e. rough estimates such as $30,000, $40,000 etc. In addition, the survey stated "If your estimate lies in between two of the printed numbers, insert an arrow in between, e.g. indicate an estimate of $25000 by writing '22 24 ↓ 26'. If your estimate lies outside the limits printed below, please write in your estimate by hand. Please make an estimate for all of the following, even if you are unsure."
The exact wording for the questions on starting salaries was "Below, please circle your estimate of the national average for annual starting salaries (in thousands of dollars) of graduates in the indicated fields and degree levels during this year." (Emphasis is as in the survey form). The overall response rate on these questions was 94.4%.
Similar wording was used for the questions about annual salaries in 1990 of workers aged 25-34 by highest degree. The response rate for these questions was 96.9%. For these two questions, students were asked to estimate earnings in 1990 because at the time of the survey 1990 was the most recent year for which data from the March Current Population Survey were available for purposes of comparison.
For all of these questions described above, there was some evidence of 'rounding error', although students on the whole provided fairly precise estimates. For instance, 25.1% of estimates were exact multiples of $10,000, and 77.4% of estimates were multiples of $2000. (Recall that the scale written on the survey form displayed salaries in even increments of $2000.)
For the questions about salaries of engineers by level of education and years of experience, the instructions read: "The table below classifies engineers by their highest degree and their years of work experience since their final degree. In each box, please write your best estimate of the current ANNUAL SALARY of the given type of engineer." The overall response rate for these questions was 77.2%. Of these, 35.4% consisted of estimates which were exact multiples of $10,000. 
